Abstract
Introduction
Carcinoma breast is an ancient and elusive disease which has claimed its victims in all walks of life in all ages and from time immemorial. It remains the commonest cause of death from cancer in women and leading cause of death from all causes among women under 50 [1] .
Various etiological factors have been proposed in the pathogenesis of carcinoma breast.
Advancing age, family history, hormonal and reproductive factors like nulliparity, consumption of oral contraceptive pills, hormone replacement therapy, early menarche and late menopause etc; are the various factors which have been implicated but the underlying mechanism of each of them is uncertain yet [2] . It seems gene-environment interactions play a significant role in the etiology of this disease [3] . Breast cancer etiology could also be related to oxidative stress [4] .
Mounting evidences support a complementary pathway involving direct (oestrogen-quinone DNA adducts) and indirect (oxidative DNA damage) genotoxicity originating from oestrogen metabolites [5] . This indicates that oxidative stress may be an important factor in all the events which are related with excessive exposure to estrogens.
Thus, all conventional risk factors are some way or another, linked to oxidative stress. Oxidative stress is not only important from the etiological point of view but evidences have been put forward by a number of research workers for the persistence of oxidative stress in carcinoma cells [6] .
Objective of the study
Keeping in view that oxidative stress could be a missing link between the known conventional risk factors and carcinogenesis, the present study was undertaken with the following objectives:-
1.
Estimation of serum SOD levels so as to know the quantum of the defense system.
2.
Assessment of the level of lipid peroxidation by measuring the serum MDA levels.
3.
Assessment of serum alkaline phosphatase levels so as to know the presence or extent of metastasis. Besides that, the objective was to determine the correlation between serum SOD and MDA levels themselves and to correlate these parameters with the severity of disease and other conventional risk factors for breast carcinogenesis.
Material and Methods
The Study was carried out including 50 clinically proved and histopathologically confirmed patients of breast cancer in the age range of 25-55 years. The patients suffering from diabetes mellitus, rheumatoid arthritis, tuberculosis, hypertension, coronary artery disease or the patients taking antioxidant drugs were excluded from the study. 50 normal healthy age and sex matched subjects from the same population but without any present or previous disease and without the family history of carcinoma breast were also selected to serve as controls. All the subjects were evaluated for serum superoxide dismutase (SOD), Malondialdehyde (MDA) and alkaline phosphatase levels. A complete clinical examination of the patient and the case history was recorded on a performa and an informed consent was taken.
Under aseptic conditions, blood sample was collected and the following investigations were carried out for all the study subjects:
1) Superoxide dismutase level was estimated by using the method of Marklund and Marklund (modified by Nandi and Chatterjee, 1988) [7] .
2) Lipid peroxidation was estimated in terms of serum levels of Malondialdehyde (MDA) using the method of Satoh (1978) [8] .
3) Serum alkaline phosphatase level was estimated by applying the method of King and King (1954) [9] .
Results and Discussion
All the subjects under study were distributed into 3 groups on the basis of age range. Maximum number of patients (52%) were in the age range of 46-55 years ( It is thus a clear evidence that in majority of the patients by the time the cancer is detected, it has already metastasized [12] and there is indeed a need to determine the markers which can detect the cancer at the earliest possible stage, where it can be cured completely. 
Total 50
Serum superoxide dismutase (SOD) concentration was found to be higher amongst breast cancer patients in comparison to normal healthy individuals. The difference between the levels of these two groups was statistically highly significant (p<0.001) ( Table 2 ). Superoxide dismutase (SOD) is the most important antioxidant enzyme and is considered to be a stress protein, which is synthesized in response to oxidative stress [13] . It protects the cells from damage caused by superoxide anion (O 2 -.
) with H 2 O 2 . During oxidative stress, cells respond to reactive oxygen metabolites (ROMs) with superoxide dismutase. To counter the deleterious action of ROMs antioxidant enzymes are also synthesized excessively due to upregulation in response to higher production of ROMs [14] .
Serum MDA levels were found to be higher (highly significant statistically p<0.001) in patient group comparison to normal healthy individuals. (Table 2 ). These findings are well in accordance with the findings of a number of study groups [15, 16] . 78% of the patients were having values much above the upper higher limit of ALP. This was clearly an evidence of liver involvement in such patients. Various study groups have also documented the similar findings [17, 18] . The normal ALP encountered in few of the patients (n=11) might be due to the absence of liver involvement.
The serum SOD activity was found to be rising amongst both the study groups (controls as well as patients) with advancing age. The maximum SOD activity level was observed in group 3 (of age range 46-55 years). Similarly serum MDA levels were also found to be rising with advancing age amongst both the study groups. The maximum levels of serum MDA were observed in group 3. The difference between the levels of serum SOD and MDA in each age group amongst normal individuals and patients was statistically highly significant (p<0.001) (Table 3) . A parallel trend of serum SOD activity was observed with serum MDA levels. With the rise in serum SOD activity, serum MDA level was also found to be rising proportionately.
The rise in MDA depicts the excessive lipid peroxidation and rise in SOD activity level is due to the up regulation of SOD gene to increase the expression to enhance the defense activity of SOD required to quench excessively generated superoxide radical [19] . The positive correlation among these parameters is definitely an evidence of oxidative stress and the oxidative stress mediated carcinogenesis could be presumed from the maximum levels of serum SOD and MDA levels in that age group which is maximally predisposed to risk for carcinoma breast. With advancing age, the oxidative stress increases. Hence, the concentration of oxidatively damaged proteins, lipids and DNA are reported to increase [20] .
Serum ALP level was also found to be rising with age in both groups (normal as well as patients) ( Table 3 ). The rise in serum ALP activity amongst normal individuals could be explained by the fact that as the age advances, the functions of liver decline. Epidemiological studies of breast cancer have provided both direct and indirect evidence that ovarian hormones play a very important role in the etiology of breast cancer [21] . In the present study Group a individuals with early menarche were found to be having higher mean SOD levels as well as higher MDA levels in comparison to group b individuals of late menarche.
( Table 4 ). Early menarche leads to increase in the levels of estrogens and progesterone. The ovarian hormones increase the risk of breast cancer. Excessive exposure to estrogen could be carcinogenic. Besides that, estrogens have also been reported to enhance the production of nitric oxide (NO), which then acts as free radical to induce mutation leading to a more malignant phenotype [22] Thus all seems to be oxidative stress mediated process. Hence, the underlying mechanism for increased risk associated with early menarche could possibly be estrogen mediated oxidative stress in these in dividuals. The impact of multiparity on carcinoma breast risk was also observed amongst subjects under study. The nulliparous women were found to be having impaired parameters. The mean SOD, MDA and ALP levels were higher amongst multiparous patients and the difference between two groups was highly significant statistically (p<0.0001) ( Table 5 ). The risk of developing breast cancer is lower before age of 40 in nulliparous than parous woman but above this age, the relationship is reversed so that a parous woman has substantially lower lifetime risk than nulliparous woman [24, 25] . With an objective to further study of the correlation of other hormonal and reproductive factors with oxidative stress, the status of oxidative balance was determined in subjects distributed in various groups as per age at menopause, as per age at first child birth, as per oral contraceptive users or nonusers and subjects on hormone replacement therapy (HRT) or not. In all these groups, the basic distributing factor was the duration of exposure to estrogens. Greater exposure to circulating estrogens increases the risk. The increased risk was evident in terms of oxidative imbalance also. All those groups, where the circulating estrogens are presumed to be higher, were having higher serum SOD and MDA levels depicting the imbalance of oxidative status (Table 6 ).
The standard paradigm providing a general mechanistic explanation for the association of cumulative, excessive estrogen exposure and breast cancer risk is that the proliferative stimulus provided by 17--oestradiol (E 2 ) leads to the appearance of spontaneous mutations that leads to stimulation of breast epithelial cell proliferation. However, mounting evidence suggest a complementary pathway involving direct (oestrogen-quinone DNA adducts) and indirect (Oxidative DNA damage by free radicals) genotoxicity originating from estrogen metabolites [26] .
This suggests that the risk of breast cancer could be reduced by delaying the onset of regular anovulatory menstrual cycles and by minimizing the therapeutic use of estrogens and possibly of progestagens in postmenopausal women. Recognized risk factor for breast cancer includes a family history of the disease. Out of the total 50 patients included in the study, 24% were having positive family history of the disease ( Table   7 ). The subjects with positive family history of breast cancer were having although insignificant statistically but higher serum SOD and MDA levels in comparison to subjects who were not having any family history of the disease. The apparent oxidative stress amongst such patients could be the underlying mechanism for the development of this disease. This indicates that oxidative stress may be an important risk factor for women with a family history of the disease.
[27]. It was observed that longer the duration of the disease, more was the oxidative stress (Table 8) .
Similarly more was the progression/or severity of the disease, more were the level of serum SOD, MDA and ALP levels depicting the maximum oxidative damage with clear cut evidence of liver involvement. This stage wise rise in serum SOD and MDA levels have been reported by a number of research workers [4, 28] . Thus these two parameters can prove to be very sensitive biomarkers in carcinoma breast in early detection of the disease. Thus it seems oxidative stress is both a cause as well as a consequence of the disease since it persists in the tumor cells. Various other evidences for the persistent oxidative stress in cancer cells have been put forward by a number of research workers [29] .
Thus, breast cancer etiology is multifactorial but the underlying mechanism in each case seems to be oxidative stress directly or indirectly.
Conclusion
Although genes cannot be modified but oxidative stress is a modifiable risk factor. Besides combating the persistent oxidative stress in carcinoma cells, the antioxidants, if prophylactically given to the predisposed and high risk individuals could also be helpful in preventing the onset of the disease. Serum SOD and MDA estimations are simple, inexpensive and easy to perform and can be widely applied from diagnostic, preventive and prognostic point of view. 
